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Hi?  TRACT 


The  objective  of  Project  l.l  ni  primarily  to  determine  the 
general  shape  of  that  portion  of  a  shod:  ware  propagated  near  the 
ground  but  originating  from  an  atomic  explosion  high  In  the  air. 
Secondary  objectives  were  tho  calculation  of  pecJc  presswes  involved 
and  the  computation  of  a  blast  efficiency  for  each  boob. 

To  achieve  these  purposes  the  shock  arrival  time  method  was  used 
with  blast  switches  at  three  levels  above  the  ffxiund  both  in  the  regu¬ 
lar  reflection  and  Vach  reflection  regions. 

The  air  shock  arrival  times  clearly  indicated  that  the  free  air 
shock  velocity  was  higher  in  the  layer  from  10  feet  above  the  ground 
to  ground  level  than  it  was  in  the  layer  between  50  feet  and  10  feet 
above  the  ground.  The  increased  velocity  near  tho  ground  is  probably 
due  to  a  heated  layer  of  air  near  the  ground  caused  by  radiation  from 
the  bomb.  On  Shot  lx,  the  air  shock  arrival  tines  corroborate  the 
existence  of  a  precursor  shock  as  observed  by  other  nethods.  In  the 
Mach  region  the  shock  front  appears  to  be  vertical  between  the  ground 
and  50  feet  in  tho  air.  The  pressures  calculated  for  Shots  1  mtd  U 
in  the  Mach  region  are  in  fair  agreement  with  curves  presented  in 
Supplement  1  to  the  Capabilities  of  Atonic  Weapons.  The  blast  effi¬ 
ciencies  of  Shots  1  ana  2  were  of  “The  order  of^qper  cent  and  68  per 
cent  respectively.  No  blast  efficiency  was  computed  for  Shot  U  due  to 
the  lack  of  free  air  data. 

Xn  the  interests  of  economy  and  tine  spent  in  the  field*  a  direo- 
tlonal  radio  talametrlo  ay* tee  for  measuring  blast  arrival  times  wms 
investigated.  Approval  was  obtained  to  test  the  feeeablllty  of  this 
method  in  oonjoactlon  with  TIM  BLAB- SHAFT  Bl  Shot  6.  Using  poise  true* 
alas ion  aad  directive  antenna  ay a tan.  information  was  obtained  which 
substantiated  the  feasibility  of  such  a  method  end  points  the  way  to 
successful  design  of  ooapaot  and  rallabla  components  In  the  future. 

Peak  air  pressures  oan  be  determined  from  these  arrival  times  by  use  of 
the  lanklae^aioniftt  relations. 
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GRA.PT  1 


INTHCUOCTION 


i.i  ciuscTrres 

The  primary  purpose  of  Project  1  L  was  to  determine  th«  general 
shape  of  that  portion  of  the  shock  ware  propagated  near  the  ground  but 
originating  from  an  atcaaic  explosion  high  In  the  air. 

The  secondary  objectives  were  to  calculate  the  peak  pressure  ver¬ 
sus  distance  relationship  in  the  regions  of  regular  and  Mach  refleo- 
tion  of  the  shock  wave  and  to  compute  a  blast  efficiency  for  each  beat). 


1.2  KKTHOPS 

To  achieve  the  prirary  objectives  stated  above,  a  method  m» 
adopted  far  measuring  the  air  shock  arrival  ties  at  several  heights 
above  the  ground  and  at  several  points  along  a  line  radiating  froa 
ground  aero  which  is  directly  below  the  point  of  detonation  of  the 
bomb.  This  method  required  two  primary  neasur««nts  -  the  distances* 
froa  the  point  of  detonation  of  th~  bonb  to  the  blast  switches  and  the 
tiae  durations  between  tne  detonation  and  the  arrival  of  the  shock  «w* 
at  the  blast  switches. 

To  achieve  the  secondary  objectives  stated  above,  one  aust  also 
■eaaure  the  ambient  conditions  of  the  air  mass  threw  jd*  'diich  the  shock 
wave  was  propagated  and  as  sum  that  tho  Itankine-Hugoniot  relationship 
between  the  peak  pressure  of  the  shock  front  aid  the  velocity  °f  propa¬ 
gation  of  tho  shock  front  was  applicable. 

1.3  HISTCKT 

The  air  shock  arrival  tine  method  of  measuring  blast  **vee  had 
been  used  with  fair  svccess  on  Opera  Ilona  SJLUJGTC^E,  CREiXHC  and 
JANGLE.  Thia- method  involved  only  the  variables  length  aid  time,  both 
of  which  c*n  be  measured  accurately  for  teste  on  large  explosions.  Tbs 
simplicity  with  Which  the  neasur«Menta  could  be  made  and  the  reliabili¬ 
ty  of  the  system  ware  its  chief  advantages. 

The  shock  wave  from  small  chargee  detonated  near  a  reflecting 
surface  such  as  the  ground  was  known  to  have  a  sharp  rise  to  peek  pres¬ 
sure  both  <n  the  regular  reflection  region  and  in  the  region  of  Hash 
reflection** 
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Moasurcr.ents  r.'dc  near  thi  -round  or.  -.tor*  c  cr.rlcslons  on  dera¬ 
tion  2iiWH  ’.fir  Phots  :og  and  Easy,  ir.dicT<u  ro  .  peculiar  wave 
3.  ap»-s  in  t he  rijion  of  :  ach  n flection.  br.  .p-rati  n  F*'.?*?.,  th« 

•dock  preset*  3  r.oasured  r.«..ar  the  Tour.ci  «?tr«.  found  to  be  considerably 
lovir  than  those  predicts  frer-  previous  shots.  ?' <•  sha;  c  ol  the 
last  wave  in  the  hi gh  pressure  rosier,  r.  tr  '  •  ground  at  :  .ch  t.itt 
a  cc~;  arativcly  long  tir.r  was  r«v;uired  for  th.  shock  wave  tc  reach  a 
pea).  pressure. 

Cr.e  ex.  lar.it  on  for  part  of  these  apparent  discrepancies  -as 
.  :.s.  d  or.  the  trereraievs  x  o-.nt  of  heat  radiated  fror.  an  atonic  cu- 
'loricn.  It  ‘.  a:  thev.  hi  th.*t  th«  !  eatint  of  the  ^c\sr.i  by  radiation 
-_i  ht  ca  sc  a  la;'  r  of  heated  air  near  the  jr*c*tnd  which  ::  uld  ha.  f  e 
-ir.if  icir.t  effect  or.  the  s:.a;  e  and  the  rate  of  propagation  of  tin 
shock  front.  r.n  owl  edge  of  th«  shape  of  the  shock  front  in  and  around 
iiia  h<  uti\i  lay.  r  of  air  -c-old  shed  sane  li~ht  on  these  phenomena.  ?y 
the  nature  of  the  shock  arrival  tir.e  m- asurtr.rnts,  it  was  believed  that 
th<  distortion  of  the  shock  front  ir.  the  region  close  to  the  ground 
could  be  discerned.  It  is  evident  that  extreme  care  rest  tc  exercised 
ir.  mluating  arrival  tLne  data  in  ter- s  of  piak  pres-urcs  in  the  re¬ 
gions  affect* d  ly  such  phrnonona. 

l.l  fa.  ?g-.v,TA' 

The  air  shock  arrival  tir.e  data  rer-lts  the  determination  of  the 
average  shock  velocity  bef-oen  .any  two  successive  blast  switches.  The 
co-;  utatiors  of  average  velocity  were  carried  out  only  in  the  regions 
••here  an  ideal  shock  front  was  substantiated  by  the  pressure-tine  data 
token  by  oth  r  prefects.  The  av-rage  velocity  was  obtained  between  any 
t  o  successive  stations  (1  mad  2)  at  the  sane  height  lbove  the  (yound  in 
the  us-;al  rannrrt 


i;  is  the  slant  range  fron  the  burst  to  the  blast  switch  if 
both  stations  vre  in  the  regular  reflection  region 

or  P.  is  the  -round  range  fror.  the  ground  point  directly  beneath 

the  burst  to  the  blast  svitch  if  both  stations  are  in  the 
'  ach  reflection  region 

t  is  the  tot’l  tir.e  duration  fron  the  instant  of  detonation 
to  the  lr-ival  of  the  shock  wave  at  the  blast  sarltch. 
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*  !*C 

Y  ia  the  ratio  of  specific  ):  -*3  (2,!*  fcr  air) 

i’  is  the  rv-r shock  v  locity 

?  ia  the  pr.v.  or  con  3  prossnre  of  the  shock  va.c  a'ovc 
3  ambient  barometric  pr*. 

T  it  the  arXi ■.r.t  ,vom  trie  [TOjJ  iro  of  the  air  into  which 
0  the  shock  is  advancing 

a  is  the  sound  velocity  in  the  '.ir  Into  which  the  shock  wave 
ia  advancing 

K  major  step  n<  ccasary  in  this  computation  •■•ia  to  substitute  the 
a^und  velocity  ir.  the  iir  into  which  the  shock  ■•••ave  was  advancin'  after 
the  v.tient  t>np«  rature  of  the  air  waa  kr.ovn.  The  relationahip  ietneen 
the  sound  velocity  and  the  terpemture  nay  be  stated 


•  •  1053  (  1  ♦  T  )1/2  (1.3) 

0  m 

•.tierc 

T  ia  the  tenperature  in  de^eca  Centigrade 

por  the  purpose  of  there  testa,  the  tcrnerituro  was  measured  dong 
the  'el -.at  line  near  preurd  l~vcl  before  th>  aetomtion  of  the  bomb. 

if  aqaatlona  (1,2)  and  (1.3)  arc  cor.tinod,  and  solved  for  T#  the 
following  relationahip  ia  found: 
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T  ♦  27?  -  U2 


<4J 


This  rolatiorahi.  would  pcm it  the  d*t  rrinatior.  of  the  average 
tt'-.pcrat Tf  alor.g  a  aul-'-'.ji  .  7i...  s;>  lication  of  this  relationship 

is  subj.  ct  to  errors  in  th-  :  rer  ur*  ..j-pro  vinat  lors  as  well  os  the 
errors  in  the  velocity  d<  t  rti"if  lens  'cut  the  t*  r.p>  riture3  so  obtained 
arc  thou.d'-t  to  be  fair  af  ro::i- 'tions . 
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reflection,  thm  the  s\.  -..is*.  1. :  *tl.  is  the  dif:\  r-  re  in  the  ground 
ranges  to  the  two  blast  switch  s.  *  .  a  sU  -base  has  on*,  blast  switch 

L\  th*.  f r.  e  .air  r.  io:.  .  or.*  11. st  switch  in  t.  r>  'ior.  cf  "ach  re¬ 
flection,  thir.  it  is  no*,  us  a  1  'or  !th  r  d  t  r  ir.ation. 

The  blast  effici  r.c;.  a  in  t  r  ••  cf  7?  *r«  ob  tain*  :  in  the  fol¬ 

lowing  rarcicr.  hi  air*.  ?.?  she.  s  br  e  air  yn  s’;rc  *.'■ rs  is  distance, 
csr.'ect  d  to  1  .  T  at  s*  a  lev  f.  r  hots  L-ar.d  2.  In  i  ig.  3 .6  the 
}  irhvood-I rinhl  y  tl.iorv*  ic*.l  curve  :  or  “  Tehees  rre'vir*-  versus  dis- 
tf.ee,  corr.ct.d  to  1  IT.  At  a  r.V' n  cas  rod  press'  re,  a  vuluo  for 
distance  (h..,)i3  cl  tai;..  d  fro.s  ;i r.  .md  a  value  •' or  ..is  tare-  *.-) 

'roe.  the  K  irV  vocal- ‘r  in)  l*y  curve  in  lj.  ;.0.  7h<  blast  efficitnc*  of 

the  bc-b  at  thir  jre:3ur  1*  v*  1  in  terra  cf  7T  is  found  ty  » >c  equation 


l  •  (r.,/.-)' 


(1.5 
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for  comparison  nurpos  s,  th*  fr  r  air  ctvoi  of  Lhots  1  and  2  have  been 
fitted  by  eye  and  j  lottid  in  big.  1.i. 

1.5  era.  me  d 


The  liankbr.c-ru  cr.iot  r  latirn  is  dottminod  for  a  shock  wave  mov¬ 
ing  through  a  redim  .’ich  is  at  r  3t.  dince  th  re  is  nearly  always 
some  -otion  cf  the  *'.r  in  the  open,  the  shock  v  locity  obtained  by 
direct  mess  rcr- .nt  of  distance  an!  tine  -ust  Ic  corr  clod  to  allow  for 
the  notion  of  the  median  *  > rcu  h  which  the  shock  ’..-as  travelling.  Cor¬ 
rections  of  Uc  av  ra  ;c  velocity  of  the  shoe):  vav' acre  r.ade  for  wind 
components  parallel  to  the.  dir*  ctlon  of  propagation  of  the  shock  wave 


Ui 


* 


for  those  shots  vhi-re  a  wind  velocity  cf  ro.->  thvi  five  -.lies  rcr  hour 
•us  re.crt  d. 


The  velocity  of  soun-  is  affect  d  ly  the  amount  of  water  vapor 
pr>  S'  nt  in  the  a.r  ti<rough  which  it  is  rrepaj’at>'d.  The  correction 
factor  .'or  the  worst  pos-itl.-  case  in  this  s- rl.s  of  slats  as  so 
s.-.i’l  a  to  1c  nc;li^illc  corpar  d  to  the  ov.  r-all  accuracy  of  the 
data;  therefore,  hus.iditv  corr*ct'cns  were  not  made. 

The  r.e thod  of  correcting  the  velocity  of  sound  for  the  tcr-.peraturc 
cf  the  air  throu  ii  which  it  was  propagated  was  si  own  in  liquation  1*3* 

The  shock  velocity  determined  exp*  rlrcntally  is  an  average  valuo 
over  the  interval  between  the  blast  switches  used  to  record  the  tine 
of  arrival  of  the  shock.  In  order  to  determine  the  distance  at  which 
the  press  re  calculated  froc  _qu»‘ion  1.2  is  to  apply,  it  is  necessary 
to  find  the  distance  frera  the  explosion  at  uhich  this  average  velocity 
is  equal  to  the  instantaneous  shock  velocity.  The  equation  for  deter¬ 
mining  this  distar.ee  nay  Ic  stated  as  follows: 


(n  ♦  1L2* 

T  ‘ 


(1.6) 


fi  is  U.  distance  fror.  th>  ;x>int  of  detonation  to  the 
v  point  at  which  the*  average  velocity  equaled  the 
instant  an.  ecus  v- locity 

R  is  the  distir.ee  fror  the  point,  of  detention  to  the 
r. id-point  of  the  aub-c.ise 

q  is  the  ratio  of  I/H_,  where  L  is  the  sub-base  length 

-r.  is  the  slop*  cf  the  pressure-distance  curve  assuring 
that  the  pressures  oc c urr  d  at  the  nid-points  of  the 
s',  t-bascs  as  a  first  approximation 

This  equation  applied  for  pressures  (P,)  less  tharwl?  poar.ds  per 
square  inch  and  for  values  of  (q)  lessnh*:  two  ^ 

The  elevations  of  the  test  sites  for  these  tests  were  approxi¬ 
mately  LtOOO  feet  above  sea  level.  For  corner!  a  on  with  previous  testa, 
the  pressure-distance  curves  were  reduced  to  sea  level  and  1  IT  by  the 
following  cquationsM 


(1.7) 


Po(3«*  level) 

Pa(ao»  level)  •  P3(test  sit.)  x  p  (Uat  aT&7 


P  (teat  site) 
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R  (sea  level)  ■  R  (test  aite)  ■  ■  ■  ■  ■ 

T  ^  [^Po(aea  level)* 

f P  (teat  aite) 
V“~  level)  -  H^Uat  site)  p  (3«a  leTel)'rr 


ll/3 


(l.S) 
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«  is  the  weight  of  the  explosive  in  kilo tons  of  TUT  a a 
conputed  fron  the  Radiochemical  yield. 


1.6  DtROB 

The  contribution  of  errors  in  the  neasureoents  of  distances, 
tines  and  temperatures  to  the  error  in  pie. conputed  peak  pressure  of 
the  shock  wave  ia  given  by  the  relational!/: 

_ 4*  .  -£*2-1  (l.ld) 

■  4  *0  J 


a  ia  the  effective  sub- base  length 

t  is  the  tine  duration  between  the  shock  arrivals  at  suc¬ 
cessive  blast  switches 

a  is  the  velocity  of  sound  in  the  undistrubed  air  ahead 
0  of  the  shock  wave. 

The  error  in  the  conputed  velocity  of  sound  due  to  an  error  in  the 
esasureeant  of  the  temperature  of  the  air  through  which  the  sound  was 
propagated  a ay  be  atatedt 


Ap, 
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If  this  value  of 


la  inserted  in  aviation  1.9  the  ns  of  the 


A  *o 

*o 

absolute  values  of  the  fractional  error  in  each  measurement  of 

distance,  tine  and  tecqwrature,  nay  be  used  to  determine  the  aarlnra 
fractional  error  in  the  peak  pressures  which  were  computed.  Over  the 
range  of  pressures  covered  in  this  report,  the  fractional  error  in 
the  peak  pressures  computed  would  be  It  to  1U  tines  the  sun  of  the 
absolute  values  of  the  fractional  errors  in  distance,  tine  and  tem- 
perature  measurements. 

The  naximsn  possible  error  in  the  location  of  the  point  of  detona¬ 
tion  of  the  bomb  could  cause  an  error  of  11*  feet  in  the  effective  sub- 
base  lengths.  For  those  sub-bases  near  ground  aero  on  Shots  1  and  2, 
this  would  account  for  an  error  of  tl5  per  cent  in  the  peek  pressure* 
computed.  Other  errors  due  to  neasurenents  between  stations  and  sub¬ 
base  calculations  are  assumed  negligible. 

The  naxjjow  possible  err  >r  in  the  determination  of  tins  between 
the  arrival  of  the  shock  wave  at  two  successive  stations  was  1  milli¬ 
second.  This  error  is  always  positive  since  it  is  due  to  delay  in 
closure  of  the  blast  switches. 

The  determination  of  the  tamperaturc  of  the  air  throuf^J  wnlch 
the  shock  wave  was  advancing  can  only  be  approximated  within  wide 
limits.  Air  tosperature  neasurenents  along  the  blast  lint  indicats 
considerable  heating  of  the  air  near  the  ground  due  to  radiation  from 
the  bomb  prior  to  the  arrival  of  the  shock  wave.  There  is  insufficient 
data  available  to  sven  estimate  what  variations  In  air  tmapereture 
nay  have  existed  along  the  effective  sub-bases  for  the  various  shots. 

An  increase  of  air  temperature  of  5  degrees  centigrade  would  lower  tbs 
pressures  reported  hers  3  to  12  per  cent. 

On  the  basis  of  theso  possible  errors  in  time,  distance,  and 
temperature,  the  peak  pressures  computed  from  the  shock  arrival  ties 
data  are  good  to  i20  per  cent. 

The  configuration  of  the  blast  line  with-  respect  to  the  point  of 
detonation  of  the  bomb  was  such  that  the  portion  of  the  shock  front 
which  activated  each  blest  switch  was  different  and  had  traversed  a 
different  path  from  the  bomb  to  the  blast  switch.  Thus,  small  ir¬ 
regularities  in  the  sphericity  of  the  shock  front  or  in  the  homogwnlsty 
of  the  air  mass  through  tdilch  the  shock  front  was  advancing  become 
important.  let  both  factors  are  almost  i^ossible  to  evaluate. 


The  limitation  on  the  length  of  the  effective  sub-bases  end  the 
low  pressure  levels  near  ground  lero,  noant  that  the  inherent  in¬ 
accuracy  was  largest  there.  The  location  of  the  blast  switches  in  the 
layer  of  air  where  tenperature  variations  duo  to  therraal  radiation 
existed  was  also  a  source  of  error  which  is  magnified  by  the  low  pres¬ 
sures  encountered.  These  difficulties  were  forseon,  but  since  the 
arrival  tine  data  was  available  it  was  thou^jt  worthwhile  to  conpute 
peak  pressures  for  conparison  with  the  other  systens  in  spite  of  the 
probable  errors. 
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The  iivjtpir-.entation  necessary  to  make  the  air  shock  arrival  tin* 
noa.-uri  rents  desired  for  Cp-cration  Tb'..'.  L.F.  was  obtained  only  after 
numerous  cor.pronists.  The  short  tine  allowed  for  the  preparation  of 
the  equipment  before  the  tests  neo  asilatod  the  use  of  equipment 
pr  viouslr  used  for  fax  ration  J.v  !L  .  tincc  only  part  of  the  equipment 
•-as  useable,  the  nxttr  of  stations  which  could  be  installed  was 
limited.  To  reduce  the  a  cur.t  of  -  ire  required,  it  was  decided  to  us* 
a  parallel  network  alon~  the  Hast  line.  This  r.cant  that  the  system 
used  on  pr>  vicu3  tests  i  ad  to  be  oitcnsively  revised  to  insure  that 
data  could  .c  obtain,  d  cn  a  network  durin  •  the  tine  that  an  atomic 
explosion  was  in  rroceus  at  the  other  < r.d  of  the  wire. 

The  p'orctric  relationship  i-twi-r.  the  point  of  detonation  of  the 
to.nfc  and  the  blast  line  li.-J.Ud  the  hi  h  pn :  sure  ranqe  which  could  be 
cover,  d.  The  resjonsc  ti-.o  of  th.r  Hast  switches  United  the  low 
pressure  ranee  which  could  tc  covered. 

2  •.  I  A  1»  Ida  7 

A  view  of  the  blast  line  in  th.  Frenchman  flat  Area  looking 
toward  -round  z-ro  is  shown  in  iig.  2.1.  The  picture  shows  part  of 
the  scaffolding  being  r.nov<.d  fro.-!  one  of  the  instrument  towers  Just 
prior  to  shot  tino.  The  blast  s'itch  nountt  d  at  the  50-foot  level  was 
located  near  the  top  of  the  tower  on  the  richt  in  the  picture.  The 
blast  switches  nounUd  .at  the  10-foot  lev*  1  and  at  tXounii  level  were 
located  on  the  short  polo  approximately  15  feet  to  the  ri^it  of  the 
rijht  tower.  A  diagram  °f  the  blast  line  in  the  frenchman  Flat  Ar«a  is 
shown  in  F ic«  2*2.  Liagrans  of  the  blast  Unos  ir.  Area  7  are  shorn  in 
Fig.  2.3  snd  2.U.  A  diagram  of  a  blast  station  layout  as  used  on  all 
blast  lines  is  shown  in  rig.  2.5. 

2.3  T.r~.-r  itattc;; 

Air  shoe!  arrival  tires  were  obtain'd  by  blast  switch  closures 
•hen  the  air  3hock  arrived  at  each  station.  hen  a  switch  dosed,  it 
discharged  a  capacitor  initiating  a  signal  which  was  transmitted  by 
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Jl4.  2.1  ft**  of  tli*  Bloat  Lin*  In  th*  franc haan  flnt  Arm  Looklas 

Toward  0 round  Z*ro 

cable  to  tb*  blast  hat.  At  th*  blast  hat,  th*  stfnal  wo*  sup«riapo**d 
on  a  10  ko  tlalse  atonal  and  r*cord*d  on  a  aa*notlc  tap*  r*oord*r.  A 
photo- tub*  c*T*  a  a*ro  tla*  signal  Initiated  by  th*  flaah  of  th*  •*“ 
plosion.  A  block  dlafraa  of  th*  inatruasntatloa  la  shown  la  fl£.  2.6. 

2.3.1  Hast  Switch**  and  Mounts 

Two  typ**  of  blast  awltoh**  w«r*  aa*d.  Both  w*r*  aad*  by 
Osaeral  llootrlo,  bat  on*  <*»*  «!*•*.  th*  TA-15,  and  tha  othar  <aa 
aotal-oaaod.  tha  ?A-6.  Slight  dlff*r«oo*a  In  th*  aaaasr  of  brlnclac 
oat  th*  l*ada  also  existed.  Th*  awltoh  contact*  w*r*  la  an  evacuated 
tub*  to  radno*  l*aka**  whan  th*  oon tacts  ar*  Irradiated.  Th*  sowing 
elaasat  of  th*  switch  waa  a  lone  tabular  arm  pivoted  on  a  flexible 
*l«f*--aea  *** w>>  sealed  on*  *cd  of  th*  moans  tub*.  A  circular  pad  ill* 
mi  fixed  to  th*  exposed  *nd  of  this  era  for  th*  shook  war*  to  strike. 

A  snail  m«a*t  waa  used  to  hold  th*  switch  In  th*  opm  position  until 
tb*  shock  saw*  arrived. 

Too  types  of  aountlng  war*  ua*d  for  thm*  blast  awltohs*. 
Tha  10-f*«t  aad  ground  l*r*l  switch**  w*r*  aouatad  in  alnalnua  oastlng* 
as  shown  la  21*.  2.7  aad  2.C.  Th*  50«foot  level  switch**  w*r*  aouat*d 
as  shown  la  fig.  2.9* 
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Tl4.  2.5  Sohaaatlo  Dice™*  of  •  ®l**t  Station  irru(Mt  ns  U««4  oa 
All  Blast  LiM 


2.3.2  Oapacltor  Bnnks 

Ths  blast  switches  vara  ooonaotad  la  such  a  aaaaar  that  tha 
aa&toh  oloaara  ahortad  a  charged  capacitor  to  laltlata  a  signal  for 
transmission  to  tha  blast  hat.  A  sohaaatlo  diagrna  of  a  oapacltor  baak 
showing  thraa  ataaaals.  oaa  for  aaeh  c*d*  balght  at  a  particular  s  tat  loo 
Is  thorn  la  Tlf.  2.10.  A  l/l6  aapara  fuss  was  ooaaoctsd  la  sarlsa  with 
saeh  blast  switch  to  that  only  tha  first  shook  arrival  at  aaeh  switch 
would  ba  raoordad.  Tha  oapacltor  dlsehaxgo  aorosa  this  faaa  oaasad  tha 
fast  to  blow  opaalac  tha  olroult  so  that  any  subsequent  olosora  of 
tha  blast  switch  would  not  ba  raoordad.  fills  oapacltor  ms  aot  charged 
util  30  saooado  bafors  tha  datoaatloa  of  tha  boat  to  radaca  tha  pos¬ 
sibility  af  blowing  tha  fusa  das  to  wlad  oloslog  tha  switch,  tha 
oapacltor  bade  aad  lta  borlad  ooataiasr  any  ba  saac  la  ft*.  2.8  aad  2.11. 

2.3.3  Q»^i— 

All  of  tha  blast  sw&tahaa  aaoatad  at  a  sloe  la  halght  abova 
ths  (round  along  tha  blast  lias  wars  oa  rasa  tad  la  parallel  aorosa  a 
tingle  oabla.  thraa  oablaa  war#  aaad  for  aaoh  blast  lias.  A  fourth 
oabls  was  la  tha  ditch  alone  tha  blast  lias  to  ba  aaad  la  tha 
«rut  mr  wire  trsahla  davalopad  after  tha  dltohss  wars  closed.  this 


Flf.  2  .10  Schanatlc  Diagra*  of  a  3-Channel  Capacitor  Bank  a*  Used  at  Each  Blast  Station 


cable  vi  3  used  for  telephone  conn  uni  cations  between  the  blast  hut  aid 
the  blast  stations  during  chi-ck-out  of  the  instrumentation. 

The  cable  ws  nanuf acturvd  by  the  Pelden  Manufacturing 
Compm-y  and  sas  Type  MC0ti-2,  two  conductor,  shielded,  rubber-covered 
ca'.le.  As  czployvd  in  this  tost,  the  caUo  was  used  as  a  throe  con¬ 
ductor  c»Ue  with  the  shield  serving  as  a  ^yound  return  lino.  All 
groimds  were  made  at  the  blast  hut  to  prevent  rro-^Kl  loops  which  night 
have  varying  potentials  at  the  tine  of  the  sl>ot.  The  cable  was  brought 
out  of  the  Hast  switches  through  the  o-nter  of  the  iron  pipes  which 
supported  thi  blast  switch  mounts  to  a  ditch  in  the  ground.  All  cables 
ve-«  buried  approximately  18  inches  deep  bo tween  the  blust  stations 
and  the  blast  hut. 

2.3.U  “last  Hut  .Tguipncnt 

The  arrangement  of  the  equipment  located  In  the  blast  hut  is 
shewn  in  Fig  2.12.  Only  one  relay  rack  was  required  for  the  instru¬ 
ments  plus  a  shelf  for  the  wet  and  dry  batteries  and  the  -dgerton, 
jcmcshausi’n  !t  3rier  (363)  relays.  The  blast  hut  in  the  Frenchman 
Flat  Area  had  an  adequate  floor  space  of  6  by  6  feet. 

A  block  diagram  of  a  sin, ;le  data  channel  is  shown  ir  Fig. 
2.13.  Three  such  channels  were  provided,  one  for  oach  gs  "ht 

along  the  blast  line.  A  circuit  diagram  of  the  air  shoe’  1  time 

equipment  is  shown  in  Fie.  2.1U.  This  diagram  includes  t  a  re¬ 
cording  channels  with  their  tl-dng  signal  oscillator,  tero  tine  pulse 
input  circuits,  mixer  circuits,  and  associated  comections.  Two  such 
circuits  were  incorporated  on  a  single  chassis  thus  providing  four  data 
channels  with  two  independent  timing  oscillators . 

The  10  kc  timing  oscillators  were  crystal-controlled  to 
insure  accuracy  of  timing.  A  circuit  lia&’am  of  the  10  kc  oscillator 
and  the  frequency  divider  used  to  provide  100-cycle  markers  on  the 
records  is  shown  in  Fig.  2.1<.  The  frequency  of  this  oscillator  was 
checked  against  VW7  as  a  standard  frequency  and  was  found  to  be  con¬ 
stant  to  «p p roxi/ia tely  on  part  in  200,000  under  the  conditions  imposed 
by  these  tests.  The  frequency  divider  consists  '  f  two  stages  of  10  to 
one  division  achieved  by  me«is  of  synchronised  stable  multivibrators, 
"hm  pro’w'rly  adjusted,  synch-miration  Is  retained  forwriations  of 
plus  or  mlaua  5  per  cent  la  the  natural  period  of  tho  multivibrators. 

A  jtrro  time  pulse  was  initiated  when  the  flaah  of  tho  ex¬ 
plosion  reached  a  photo- tube.  The  photo-tube  and  1U  associated  cir¬ 
cuit  was  provided  in  a  Hue  Pox  furnished  by  2Q&0.  Optical  filters 


27 


1 1 


Vi.  1.  U 


,1 


STATION  I  STATION  2 


BLAST  h  BLAST 

SWITCH  A  SWITCH 


rig.  2.13  Slock  Diigrai  of  a  Single  Data  Channel 
of  the  ilr  Shock  irrlTal  Ti*e  Equipment 


Fig.  2.16  Slock  Dlagrai  of  the  S#quanc*  Tlaor 
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wrrc  Also  provided  to  prevent  premature  triggering  of  the  aero  tine 
pulse  by  sun  light  or  other  optical  disturbances. 

The  shock  arrival  signals  from  the  blast  switches,  the  aero 
tine  pulse,  and  the  10  kc  tlalng  signals  were  all  conbined  in  the 
cathode  circuit  of  a  sixer  tube  which  was  connected  to  a  tape  recorder • 

The  tape  recorders  used  on  this  test  were  Kagnac orders ,  Type 
PT£AK,  rude  by  ;ia„nacord,  Inc.  They  were  two  channel  recorders  using 
one-^uartcr  inch  wide  magnetic  tape.  These  particular  recorders  were 
furth  r  modified  to  eliminate  the  bias  oscillator  and  to  provide  a 
solenoid  operated  cut-off  switch  to  stop  the  recorder  when  the  end  of 
the  recording  tape  was  reached. 

A  sequence  timer  was  provided  to  start  the  various  components 
at  the  proper  tines  aftur  it  was  activated  the  1213  tifting  signals. 

A  minus  15  r4nute  signal  was  used  to  start  the  warm-up  period  for  the 
equipment  and  a  ainus  30  second  signal  was  used  to  start  the  recorders 
and  to  supply  charging  voltages  to  the  capacitor  banks  on  the  blast 
lino.  The  sequence  timer  provided  a  1  minute  delay  relay  to  stop  the 
recorders  and  de-energise  the  equipr.ent  at  plus  30  seconds.  A  block 
dia^an  of  the  sequence  timer  is  shown  in  Fig.  2.16.  A  circuit  diagram 
is  shown  in  Fig.  2.17. 

Power  for  operation  of  the  air  shod:  arrival  time  equipment 
was  supplied  iron  batteries.  Vet  cell  batteries  were  used  for  the 
fi lac .-nt  power  supplies  and  to  drive  the  rotary  converters  idiich  ran 
the  tape  recorders.  Dry  cell  batteries  were  used  for  all  other  power 
required  except  for  the  Hue  Pox.  Since  this  equipment  would  have 
served  its  purpose  before  the  shock  wave  reached  it,  the  110-volt  ac 
power  in  the  blast  hut  was  used  for  it*  operation. 

2.3.5  Playback  Equipment 

The  air  shock  arrival  time  records  were  played  beck  on  the 
sane  type  of  recorder  as  the  one  on  which  the  record  was  mads.  A 
single  channel  was  played  beck  at  a  tine  through  a  pre-amplifier  to  an 
oscilloscope.  An  oscillographic  recording  camera  was  used  to  make  a 
permanent  visible  record  of  the  data.  A  block  diagram  of  the  playback 
recording  system  is  shown  in  Fig.  2.18. 

The  pre- anplif  1  cr  used  was  a  General  Electric  Vacuum  Tube 
Voltmeter,  Type  AA-1.  The  pre-anp lifted  signal  was  put  into  the  T-axls 
input  of  a  DuKont  Oscilloscope,  Type  30UH.  The  T-axis  amplifier  of  the 
oscilloscope  was  connected  to  the  X-axis  platee  of  the  cathode  ray 
tube.  The  sweep  circuit  was  turned  off.  This  resulted  in  a  horisontal 
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Fig.  2.17  Circuit  Difcgrm  of  tho  Sequcnco 


t 


excursion  of  the  li£»t  been  proportional  to  the  sifyval  strength  of  the 
record  being  played  beck. 

A  General  Radio  Oscillographic  Recorder  Camera,  Type  25lAe,  vu 
used  xo  record  the  excursions  of  the  light  bean.  Since  this  type  of 
canera  has  no  shutter  and  the  flln  nores  continuously  past  the  lens  in 
a  vertical  plane,  the  resulting  record  is  a  continuous  10  kc  frequency 
wave  drawn  down  the  center  of  the  35m  film.  V't  air  shock  arrival 
tine  pulse  fron  each  blast  switch  and  the  tero  time  pulse  from  the 
photo-tube  were  superimposed  on  the  timing  wave.  The  frequency  divider 
also  imposed  a  sharp  pulse  on  the  record  for  each  hundredth  cycle  of 
the  1C  kc  wave.  A  Varlac  was  used  to  control  the  voltage  to  the  drive 
motor  of  the  canera  and  this  provided  speed  control  for  the  recording 
film.  Photo graphic  developing  equipment  was  provided  to  handle  100-foot 
lengths  of  35m  film.  Kodak  Linagraph  Pan  film  was  used. 

An  illuminated  viewing  screen  equipped  with  film  rewinding  equip¬ 
ment  was  used  for  preliminary  examination  of  the  records.  Final  count 
of  the  records  to  determine  the  tine  Interval  between  the  explosion 
and  the  arrival  of  the  shock  wave  at  a  given  blast  switch  was  made  by 
means  of  an  enlarged  view  of  the  35m  film  record  projected  by  a  Koda- 
tpraph  Film  Reader,  Type  Y.FE,  made  by  Eastman  Kodak  Cceq>aay. 
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RESULTS  A-’.'D  CCCIESICT 

3.1  HU  KART  R--5'US 

The  prlaary  data  obtained  on  these  tests  h /  Project  l.U  were  the 
eir  shock  arrival  tines  at  known  points  along  the  ground.  Table  3*1 
lists  these  arrlral  tines  for  Shots  1,  2,  and  1*  vdth  the  slant  ranges 
and  the  ground  ranges  to  oach  station.  For  data  obtained  in  the  free- 
air  region,  the  air  shock  arrival  tines  are  plotted  versus  slant  range 
In  Fig.  3.1.  For  data  obtained  in  the  Mach  reflection  region,  the  air 
shock  arrival  tines  are  plotted  versus  the  ground  range  in  Fig.  3.2. 

No  data  was  obtalnod  on  Shot  3. 

3.2  SSCCKDART  R5SEUS 

The  secondary  data  obtained  by  Project  l.U  on  this  series  of  tests 
includes  the  peak  pressures  cf  the  shock  wave  calculated  from  the  aver¬ 
age  velocities  across  various  sub-bases.  To  make  these  calculations,  . 
one  moat  assure  that  the  conditions  of  the  Rankine-Hugoniot  relations*/ 
axis ted  along  the  suh-baaes  at  the  tine  of  transit  of  the  shock  wave. 
Near  the  ground,  in  the  region  of  regular  reflection  am  particularly 
on  Shot  U,  tha  accuracy  of  this  assumption  is  questioned. 

The  sub-bases  between  blast  switches  located  at  the  same  height 
above  the  {p*ound  and  at  successive  stations  along  the  blast  line  were 
used  for  the  pressure  calculations.  The  sub- bases  between  blast 
switches  at  different  heights  above  the  ground  and  at  the  sane  blast 
station  were  used  for  ve  If  city  and  tesgwrature  computations.  These 
velocities  reveal  differences  in  tho  layer  of  air  near  the  ground  in 
the  vicinity  of  ground  aero.  Velocities  obtained  at  one  station  In 
this  manner  were  subject  to  such  a  great  error  due  to  the  short  dis¬ 
tance  used  as  a  bast  line  that  peak  pressures  were  not  calculated  in 
these  intervals.  The  error  was  not  so  great,  however,  that  the  vel¬ 
ocities  could  not  be  usod  for  coj^arison  purposes.  These  velocities 
in  the  free  air  region  have  been  substituted  In  the  Equation  l.U  to 
evaluate  averege  air  temperatures  in  tha  intervals  as  listed  in  Table 
3.2. 

3.2.1  Shot  1 

The  vrrival  times  at  Station  F-2C2  indicate  en  increasing 
rather  than  decreasing  velocity  of  the  shock  front  as  the  front  pro- 
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Tlx*  of  Shock  Arrival 


7.206  2.?1*21  Uu'i9  1*336  2.51*12 

7-200  3.7332  5920  5637  3.7350 

7-210  6.231*0  8892  8837  6.231*7 


3.1  lUat  Arrival  tlaaa  la  Fra*  Air 


3.2  Hut  Arrival  IU«  la  tttoh  lfgloi 


>1 


3.2.2  Shot  2 


The  shock  front  arrival  tines  in  the  free  air  region  agree 
with  those  of  Shot  1  (see  Fig.  3.1).  At  Station  7-200,  the  calculated 
tcnpcrature  indicated  26  C  in  the  50  ft  to  10  ft  interval  and  166  C  in 
the  10  ft  to  ground  lerel  interval.  At  7-201,  thg  tonpereture  varied 
fron  roughly  «aKient  in  the  upper  interval  to  281  C  in  the  lower  inter¬ 
val.  The  lini*  tions  of  the  instrunentatlon  were  such  that  this  calcu¬ 
lation  should  :ot  be  perforaed  at  stations  farther  out.  Nearly  ell  of 


TAELE  3*2 

Air  Temperature  fron  Velocity  Measure 


F-200 

10-0 

F-202 

50-10 

F-202 

10-0 

7-200 

50-10 

7-200 

10-0 

7-201 

50-10 

7-201 

10-0 

7-202 

50-10 

7-202 

10-0 

0.0266 

0.0061 

0.025? 

0.0057 


-0.0160 


1  s 

Ip 

►-<  o  >-» 


9  1313 

33  1361* 

6  2161* 


grosses  fron  the  50  foot  level  to  ground  level.  Specifically,  the 
average  velocity  in  the  Interval  50  foot  to  10  feet  was  1361*  ft/aecj 
in  the  10  ft  to  aero  interval  it  was  2162  ft/sec.  Using  the  pressures 
recorded  at  this  station  by  pressure-tine  gages  as  e  basis  far  inter¬ 
polation,  together  with  these  average  velocities,  and  Equation  1,1*,  the 
tc»ereture  in  the  upper  and  lower  intervale  were  fowl  to  be  16°  and 
U95>  centipede  respectively.  Even  though  use  of  Equation  1.1*  is  open 
to  question.  It  is  clear  that  a  decided  increase  in  te^>eratwe  must 
have  been  present.  In  the  Mach  reflection  region,  the  arrival  tines 
indicate  a  vertical  Mach  sten  within  the  tine  resolution  of  the  instru¬ 
mentation. 
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TABIZ  3.6 

ltd  Conditions 


Shot  1 

Shot  2 

Shot  1* 

Location 

FT  Area 

T-7  Area 

T-7  Area 

Date 

2  April 

15  April 

1  Hay 

Tim 

0900 

0929 

0929 

RC  Tleld  in  KT 

1.05 

1.15 

19.6 

Direction  of  Clast  Line  fro n 
Station  200 

V 

S9°56'-.: 

S9°56\f 

Curst  Position  froa  Station 

200 

122  ft.  M 

67  ft.  E 

Iii3  ft  S 

81*  f  t  E 

HiO  ft  s 
153  ft  W 

Curst  Height 

793 

1109 

101*0 

Scaled  Height 

7U7 

995 

363 

An blent  Pressure  at  Qround 

Lot el  (pal) 

13.26 

12.73 

12.72 

Anbicnt  Pressure  at  Curst 

Height  (poi) 

12.69 

12.21 

12.26 

Anbicnt  Tsnperature  at  fround 
Zero  (°C) 

l.Ui 

12.3 

17.0 

Conputed  Sound  Velocity 
(ft/sec) 

1116 

1112.3 

1121. U 

Vind  Volocity  (nph) 

U.6 

6.5 

2.5 

Vind  Direction 

M 

SSW 

U5 


Pig.  3 .3  -  Free  Air  Pressure  vs.  Distance,  Fig.  3.1*  -  Kach  Pressure  ts.  Distance 

Corrected  to  1  KT  at  Sea  Level.  Corrected  to  1  KT  at  Sea  Level. 


the  stations  were  placed  in  the  region  of  regular  reflection  far  this 
shot  so  that  no  data  vas  available  on  F.ach  sten  characteristics. 

3.2.3  Shot  b 

Blast  switches  for  Bliot  J*  were  placed  primarily  in  the 
Mach  region.  The  three  switches  at  Station  7-200  failed  to  operate, 
resulting  in  a  major  loss  of  information  in  the  region  of  regular  re¬ 
flection.  This  failure  was  probably  due  to  the  effects  of  the  bomb  at 
close  range.  The  blast  swit*ch  at  the  10-foot  level  of  Station  7-202, 
was  activated  16  milliseconds  after  the  ground  level  switch  closed  and 
8  milliseconds  boforo  the  50-foot  blast  switch  closed.  This  informa¬ 
tion  substantiates  the  existence  of  a  precursor  to  the  main  shock  wliich 
was  indicated  on  the  various  pressure-time  systens  in  tho  free  air 
region  and  was  observed  in  sone  of  the  photo  :p-aphs  made  by  EXG. 

The  propagation  of  the  hach  stem  is  indicatod  by  the  blast 
arrival  tines.  At  Station  7-201,  the  triple  ooint  was  above  50  ft.  end 
the  bach  star  was  moving  down  tho  blast  line  as  a  vertical  front.  The 
arrival  tines  at  the  remaining  stations  indicate  that  the  Fach  stem  was 
vertical  at  least  as  far  as  Station  7-210. 

3.2.U  Peak  Pressures 

The  results  of  the  computation  of  peak  pressures  from 
arrival  tine  data  are  listed  in  Tables  3*3,  3.1<  and  3.5,  with  suffi¬ 
cient  information  in  Table  3.6  so  that  the  reader  can  perform  the  cal¬ 
culations.  The  free  air  pressures  versus  slant  ranges  corrected  to 
1  KT  at  sea  level  nay  be  seen  in  Fig-  30.  Figure  3.U  presents  Ilach 
pressure  as  a  function  of  ground  range  reduced  to  1  rT  at  sea  level. 

The  pressures  for  the  height  of  burst  curves  in  Fig.  3*5  **arc  taken 
from  Fig.  3.U.  In  correcting  to  sea  level,  all  computations  were 
based  on  atmospheric  conditions  supposedly  existing  st  burst  height 
to  paralt  comparison  of  date  with  other  projects.  Blast  efficiencies 
were  calculated  from  the  free  air  aeeaureueote  of  Shots  1  and  2  by  the 
relation  given  In  Xquatlon  2.5  and  are  listed  In  Table  3*7. 

The  computation  of  pressures  fro*  tho  air  shock  arrival 
tines  was  based  on  the  assmption  that  tho  .tanldne-Hugoniot  relation¬ 
ships  were  applicable  and  that  the  medium  through  which  the  shock  wave 
was  propagatod  was  nonogenoous.  The  latter  assumption  is  questionable, 
especially  along  a  base  line  several  thousand  feet  in  length,  "hen  an 
atonic  bonb  explodes,  the  radiation  from  the  fireball  heats  all  sur¬ 
faces  exposed  o  it.  In  the  rcsion  around  ground  zero,  this  heating 
1s  sufficient  jo  cause  significant  quantities  of  dust,  anokc,  and  water 
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TABUS  3.7 
Blast  Efficiencies 


Shot 

Slant  Bangs 

(ft) 

Free  Air 
Pressure 

(psi) 

Rlhit  PfflHdnrr  1 

5- 

F 

3 

.  *S-B.  . 

\.B. 

1 

wwi 

926 

13-38 

•89  ** 

1 

Me  tsi 

970 

12.22 

-75^ 

1 

1222 

7.60 

1 

12U7 

7.3U 

1 

l£9 91*" 

1676 

U.U9 

1 

2218 

2.93 

6f5T 

2 

1399 

5.96 

38 

2 

1232 

1399 

5.98 

68 

2 

12li0 

U*7U 

5.57 

59 

2 

106ii 

liifll 

5.50 

37 

2 

1073 

1U87 

5.36 

38 

2 

lh$9 

1676 

J1.H2 

66 

2 

1U53 

1761* 

U.20 

56 

2 

lShO 

1903 

3.70 

53 

2 

1W 

2300 

2.79 

52 

By  -  Manured 


®E.B.  •  Kirkvood-Ertakley  Theoretical 


▼apor  to  be  added  to  the  air.  A  I  e^m  atm  a  increase  in  the  nedit* 
oausee  a  decrease  in  density  and  an  increase  in  tftoiant  pressure  which 
nay  or  a ay  not  reach  equilihriun  again  before  the  arrival  of  the  shock 


On  the  other  hand,  the  addition  of  water  sapor,  dost,  and 
snake  to  the  air  would  increase  the  absolute  density  of  the  air. 
Vhethsr  n  diun  would  still  obey  the  ideal  gas  law  Is  an  additional 
question.  In  /lew  of  these  factors,  the  oa^tatlon  of  Pressures  frcn 


velocity  aeesur^ents  in  the  region  very  close  to  the  ground  does  not 
sppeer  feasible. 

The  configuration  of  the  blast  line  with  respoct  to  the 
point  of  detonation  of  the  bcnb,  as  shown  in  Fig.  2.7  Is  such  that  the 
effective  sub-bases  used  far  velocity  determinations  in  the  free  air 
region  are  high  above  the  ground  where  the  temperature  and  dust  effects 
should  be  null,  This  was  true  even  for  pressures  confuted  from  arri¬ 
val  tines  measured  at  ground  level.  Near  ground  *«ro,  where  the  effec¬ 
tive  sub- bases  were  comparatively  short,  there  is  a  possibility  of  some 
error  in  the  computed  prossur-  due  to  the  change  in  velocity  of  the 
shock  front  in  the  heated  layei  of  air  near  the  ground. 

The  free-air  pressure-distance  curves  obtained  on  Shots  1 
and  2  were  fitted  Of  eye.  Thee*  curves  were  compared  to  the  Kirkwsnd- 
Brinklcy  curve  for  TNT  in  Fig.  3*6.  The  pressures  obtained  on  Shot  2 
for  the  sul^bases  nearest  the  bomb,  are  low.  These  values  were  ob¬ 
tained  at  the  point  where  the  marlieni  error  in  the  velocity  system 
would  be  expected. 

In  the  region  of  Mach  reflection  of  the  shock  wave,  the 
affective  sut>»base  lengths  were  essentially  the  same  as  ths  distances 
along  the  ground  between  successive  blast  stations.  The  location  of 
ths  Mach  reflection  region  i<lth  reipect  to  ground  aero  is  such  that 
the  radiation  from  the  bomb  probably  had  small  affect.  The  pressures 
oomputed  in  the  Mach  reflection  region  on  Shots  1,  2  and  U  were  in 
good  agreement  with  expected  preasvee. 

3.2.5  Blast  Efficiencies 

The  blast  efficiencies  for  Shots  1  and  2  were  ooqmted  on 
the  basis  of  Radio  chemical  yields  of  1.05  KT  and  1.15  ST  for  Shots  1 
and  2  respectively.  A  blast  afficiency  was  computed  for  each  free  air 
pressure  determination  on  both  shots.  No  blest  efficiencies  ware  com¬ 
puted  for  Shot  b  since  no  free -air  pressures  ware  obtained  for  that 
test.  The  beet  single  value  of  blest  efficiency  for  a  given  bomb  would 
be  that  value  obtained  for  a  free-air  pressure  of  10  pel.  On  the  basis 
of  the  value  shown  in  Table  3*7  end  Fig.  3*6,  this  efficiency  far  Shot 
1  1s  jper  cent.  The  pressure  nearest  10  psi  far  Shot  2  indicates  a 
bias?  efficiency  of  66  par  cent  with  considerable  variation  far  ths 
lower  pressures. 
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CCXUSIOiC  A'J  KECQIMEKDATIONS 


U.l  cc:cirsic:s 

The  air  shock  arrival  lines  clearly  Indicate  that  the  shock  front 
▼elocity  nenr  the  around  was  faster  than  it  was  between  10  and  50  feet 
above  the  -jund  in  the  region  cf  regular  reflection  near  ground  aero. 
This  effect  was  noted  on  Shots  1  and  2.  Ho  data  was  obtained  on  Shot 
3.  The  data  obtained  in  this  region  on  Shot  U  was  not  applicable  due 
to  the  presence  of  a  precursor  ware. 

The  increased  Telocities  noted  were  probably  due  to  a  layer  of 
heated  air  near  the  ground  caused  by  radiation  from  the  babb.  Since 
the  pressure-tine  data  taken  by  other  agencies  Indicate  no  great  dif¬ 
ferences  in  pressure  in  these  two  levels,  the  increased  velocities  can 
be  attributed  only  to  increased  temperature  of  the  medium  through  idiich 
the  shock  wave  was  propagated. 

If  we  assise  that  the  Rartcine-Hugoniot  relations  are  applicable 
in  this  x* egion,  and  use  the  preastres  obtained  by  the  agencies  who  were 
measuring  the  pressure- tine  relations  of  the  shock  waves ,  then  the 
average  te^Mratures  corresponding  to  these  increased  velocities  «ay  be 
approxiaated.  Temperatures  of  several  hundreds  of  degrees  centigrade 
in  the  layer  of  heated  air  within  10  feet  of  the  ground  were  found. 

The  air  shock  arrival  tines  on  Shot  U  corroborate  the  existence 
of  the  precursor  shock  wave  observed  on  the  pressure- tine  records  and 
the  etaa  photographs.  The  arrival  of  a  shock  wave  at  the  ground  level 
blast  switch,  tiis  10-foot  level,  and  the  50-foot  level,  in  that  order, 
was  noted  at  Station  7-202  on  Shot  U. 


The  air  shock  arrival  tints  indicated  that  the  Mech  st«t  was  ver¬ 
tical  as  it  moved  down  the  blast  line  for  Shots  1  and  U.  Hot  enough 
data  was  obtained  in  the  >lech  reflection  region  of  Shot  2  to  detsrmins 
the  slope  of  the  Mach  start. 


The  blast  efficiency  determinations  on  Shota  1  ad  2  indicated 
efficiencies  of  the  order  oiL^Land  68  per  cent  respectively.  *> 
blast  efficiency  was  computed  for  Shot  U  because  no  free  air  pressures 
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wore  obtained 


UNCLASSIFIED 


The  M#ch  preesuree  obtained  on  Shots  1  and  ii  are  in  fair  agreement 
with  predicted  curves . 

h.2  RFCCMg;mATIC?S 

The  air  shock  arrival  tines  recorded  by  the  pressure- tine  measur¬ 
ing  systems  for  this  aeries  of  shots  should  be  used  to  determine  the 
approximate  tempers t urea  along  the  blast  line  at  the  tlao  of  transit  of 
the  shock  wave.  This  can  be  done  by  means  of  the  Rankin*- Hugo niot 
relationship  as  stated  in  Equation  l.h. 

Any  future  teats  that  require  air  shock  arrival  tine  measurements 
should  be  lnetnseantad  to  obtain  as  many  arrival  times  as  practicable. 
If  these  arrival  times  are  to  be  used  to  calculate  pressure*,  careful 
determination  of  the  conditions  of  the  air  at  tho  time  of  transit  of 
the  shock  wove  must  also  be  made. 
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5.1  QBJHcnn 

Ih#  ««i n  jnrpot*  of  th*  work  dl*ou*a*d  1*  Part  XX  <u  to  lnmU* 
Sat*  th*  feasibility  of  ualne  a  directional  radio  t*l«s*trlo  *7*t*a  for 
dotaralaiae  blast  arrival  tlaa  data  froa  naolaer  daioaatloaa. 

5.2  snraux. 

th*  aa*  of  hlaat  arrival  tlaa*  to  d*t*rala*  peak  air  praiaara*  ha* 
h*an  aad*  oa  aaay  pr*vloua  atoalo  arploaloaa.  th^th*ory  1*  el**#  1* 
th*  air  oraaaar*  report#  for  Operation  CSLZ2SH0C 53-v  aad  Op*ratloa 
JAVa U=7.  fit*  feplMioa  Kinetic*  Branch  of  tb*  Balllatlo  laaoaroh 
lahomtorl**  participated  oa  Shot  6  of  Op*ratloa  tUMBT  l-IHW  1# 
ordar  to  ooadaot  •  feasibility  t**t  of  a  dir  actional  radio  t*l*a*trlo 
ayataa  adapted  by  thl*  ero\*.  Pr*vlou*  work  with  a  aodiflad  standard 
t«lM*t«rlae  ayataa  was  r*port*d  la  oonaeotloa  with  Operation  OMOBDCSl 
by  Coloaal  Prollohii/which  proved  that  talaaatarlac  la  e*a«ral  m* 
faaalbla,  thl*  ayataa  waa  omnidirectional,  how*v*r.  aad  did  aot  tak* 
fall  advaatac*  of  th*  iaharaat  poaalbllltl**  of  pile*  traa*al**loa 
technique*. 

th*  «*•  of  oabl*  laatallatloaa  for  a*a«arlac  bla*t  arrival  tlaa*  1* 
laardlaataly  *spaa*lv*.  Pro  J*c  ta  which  lac  lad  a  water  area*  la  th*  blaat 
11a**  farther  praelud*  th*  a**  of  oabl*.  Prior  to  *nt*rlae  «xt*o*lv* 
davalopaaot  proeraa,  it  waa  dacldad  that  aoltabl*  t**t*  oa  axlatlae 
altra-hl«h-fraqa*aoy  aqolpaaot,  proparly  aodiflad.  a  ho  aid  b*  parforaad 
t*  d*t«rala*  th*  *ff*ot*  of  radlatloa  apoa  aaoh  •  ayataa. 

5.3  BASIC  PUUI 

th*  frt— tal  la* troantatloa  plaa  ooaalst*  ef  a  foil  awltch. 
traa*altt«r,  receiver  aad  r*o*rd*r.  Opoa  olo*ar*  of  th*  fell  awltoh, 
th*  tmnaalttar  a*od*  eat  a  abort  duration  polo*  whloh  la  plokad  up 
th*  r*o*lv«r  froa  whoa*  oatpat  th*  *le**l  1*  p*a«****4 
tap*. 
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6.1  C7TPJUI  ST5T TH 

The  test  system  was  caspceod  of  two  speclslljr  built  components 
uni  several  modified  or  adapted  parts.  The  blast  switches  were  de¬ 
signed  for  the  particular  task,  as  was  a  signal  processing  circuit 
between  the  output  of  the  receiver  and  the  recorder.  The  transmitters 
were  Modified  U.  S.  Kavy  BnOrd  Shore  Bombardment  Beacons,  Mark  U  Mod  1, 
and  the  receiver  was  an  AJi/AJTl-h  P«l*«  receiver.  The  processed  output 
of  the  receiver  was  applied  to  the  tape  recorder  through  an  a^Ufisr 
and  nixing  bridge  to  introduce  a  10  kc  tlslng  ware. 

6.1.1  Blast  Switch 

In  alvsainuH  foil  switch  adapted  for  Insertion  into  a  1  1/2 
inch  condulet  was  developed  to  permit  ease  of  Installation  onto  a  pips 
standard,  and  to  shads  the  foil  from  direct  thermal  radiation.  Figar* 

6.1  shows  this  switch  fully  assembled  for  Mounting  on  a  pips*  Figure 

6.2  shows  the  basic  components,  condulet  with  insulator  and  center  con¬ 
ductor,  foil  Mount,  and  protective  shield  which  screws  on  over  Insula¬ 
tor  .  The  aluminum  foil  was  1  millimeter  thick,  perforated,  and  had 
been  tested  to  close  and  rupture  under  a  pressure  of  2  pal  within  a 

no r»- critical  time  of  a  few  microseconds.  The  switch  was  normally  open, 
dosed  upon  arrival  of  the  blast  wave,  and  ruptured  to  open  permanently 
from  the  affect  of  the  blast.  Calibration  was  based  on  a  series  of 
experiments  which  indicated  the  extent  of  perforation  required  to  af¬ 
fect  such  rupture.  Because  an j  teat  would  destroy  the  particular 
piece  of  foil,  exact  calibration  was  ijqjoaslbls  and  specifications  to 
meet  minimus  requirements  could  be  the  only  result. 

6.1.2  Transmitter 

The  0.  S.  Navy  Radar  3er>ocn,  with  tbs  receiver  function  dis¬ 
abled,  was  used  as  the  transmitter,  A  schematic  diagram  of  this  equip¬ 
ment  is  show  In  rig.  6.3*  The  besots:  operated  In  the  frequency  band 
from  900  to  1000  me  with  a  peak  pulse  output  power  of  15  watts  to  the 
cntexna  feed  line.  The  antenna  system  oonsisted  of  a  half-wave  dlpola 
with  corner  reflector  mounted  on  e  30  ft.  meet  to  provide  a  60°  by  90° 
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be«)  width.  The  intern*  was  coupled  to  the  transmitter  by  1*0  ft.  of 
type  RQ-6/U  UHF  cable. 

We  power  supply  for  the  transmitter  consisted  of  s  6-wolt 
storage  battery.  The  filaments  were  supplied  directly  fro#  the  battery) 
the  high  voltages  roquired  were  obtained  fro*  a  dynaao tor  located  in 
the  control  beat. 

The  control  box  was  laodlfied  to  allow  sequential  turning  on 
of  the  power  requirements  autonetically  at  each  transmitting  station. 
This  was  achieved  with  a  12  hour  mechanical  dock  used  to  turn  on  tho 
filar. ent  power  at  a  pro-sat  tine  and  an  Amperit*  thermal  delay  relay 
actuated  by  the  sane  closure  which  turned  on  the  plat*  power  after  a 
60  second  delay. 

The  receiver  section  of  the  Radar  Beacon  was  disabled  by 
pulling  the  quench  oscillator  6Cl*(71)  and  the  video  amplifier  6Ca*(Vu) 
tubes. 
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The  6ft*(V2)  oscillator  tube  was  mounted  in  a  half -wave  co¬ 
axial  line  as  circ'iit  elements  operating  as  a  Colpitts  oscillator.  Tb* 
oscillator  was  normally  non-operative  until  a  voltage  pulse,  formed  by 
dischargee  •  puls®  faming  line,  was  applied  to  the  plat*  through  the 
nodule  tlon  transformer.  The  discharge  circuit  included  a  2E 21(76) 
thyratron  which  was  controlled  by  the  blocking  oscillator  tube  6G*(V5). 
The  blocking  oscillator  tube  was  triggered  by  the  blast  switch  idiieh 
when  momentarily  dosed,  short  circuited  resistor  R 9  reducing  the  grid 
bias  to  aero  thus  providing  a  positive  pulse  to  the  grid  of  the  thyre- 
tron.  This  thyratron  was  so  corrected  as  to  be  self -recovering  after 
discharge  of  the  pulae  forming  line. 

A  separate,  portable,  1000  cyda  test  oscillator  was  used 
in  place  of  the  blast  switch  for  t**ting  and  ranging  the  aystam. 

6.1.3  Receiver 

The  receiver  used  was  the  AB/AHt-1*  with  tuning  unit  THIS 
covering  300  to  1000  me.  The  tranmaitUrs  ware  both  twed  to  the  asm* 
frequency,  955  me,  using  the  receiver  set  on  narrow  bandwidth  to  check 
operation.  The  receiver  was  then  turned  on  to  broad  band  operation  so 
that  uneven  drift  in  the  tuning  of  the  various  unit*  would  not  prevent 
reception.  Becsmse  of  tha  abort  duration  of  the  transmitted  pulae  and 
the  presence  of  appreciable  background  noise,  direct  recording  of  ^th* 
receiver  output  was  impossible.  To  overcome  this  difficulty  a  "black 
bar"  puls*  processing  circuit  was  built  which  e^xllfled  the  received 
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signal  pulse  and  reduced  noise  In  a  stage  ncrnally  biased  beyond  cut¬ 
off;  the  rmaiaing  signal  pulse  then  triggered  a  one-shot  aulti vibrator 
which  broadened  the  jmiiae  sufficiently  for  recording.  This  circuit  is 
shown  schematically  in  Fig.  6.W. 

6.1,4  Recording 

The  output  of  the  "blade  box",  ta!:en  off  the  plate  of  the 
normally  eonductir. ~  tube  of  the  multivibrator  vas  fod  through  an  ampli¬ 
fier  chassis  and  mixing  bridge  to  the  recording  hoad.  Recorders  used 
•were  of  the  hagnacorder  type.  A  crystal  controlled  10  kilocycle  tlaing 
wave  was  also  introduced  through  a  nixing  bridge  to  the  sane  recording 
head. 


6.1.5  Monitoring 

During  preliminary  check-outs  as  well  as  the  actual  test, 
an  oscilloscope  was  connected  across  the  recording  head.  During  the 
test,  the  sweep  voltage  was  derived  frees  the  line  frequency  of  the 
gasoline  powered  motor  generator  used  to  obtain  60-cyclo  power,  thus 
maintaining  constant  screen  ill issina ti on  at  the  expense  of  having  a 
3ine  wave  (ncn-linoar)  sweep. 

6.1.6  remanent  Record 


A  permanent  record  was  aade  on  35  a»  film  by  playing  back 
the  recording  thr ou gh  an  oscilloscope.  The  oscilloscope  pattern  was 
photographed  with  a  high  speed  camera. 

6.1.7  Hast  Line  Layout 


The  blast  line  set  up  for  this  test  ms  as  follows. 

Hast  switches  were  placed  at  1200,  1500,  and  2000  ft.  from  {round 
sero  to  actuate  a  transmitter  at  2100  ft;  and  at  2500,  3000,  and  3500 
ft.  to  actuate  a  transmitter  at  3600  ft.  These  switches  were  placed 
approximately  1  ft.  above  grotnd.  These  positions  were  not  closely 
surveyed,  but  were  on  a  radial  line  south  of  ground  taro.  The  trans¬ 
mitters  were  placed  beyond  the  association  switches  to  perait  function¬ 
ing  prior  to  the  arrival  of  tho  air  blast,  thus  avoiding  the  poesiblllty 
cf^non- transmittal  of  the  arrival  pulses  throu^i  damage  to  transmission 
equipment  or  antennae. 

Tho  receiving  station  was  approximately  10  alias  rrom  the 
transmitters.  Its  position  was  not  wore  tnan  1 S°  aast  of  the  radial 
blast  line  and  its  elevation  provided  a  good  line  of  eight. 
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7.1  iX'.'nt— rr  \:zi  cfsj-.vatic;:s 

Results  of  this  test  indicated  that  a  directional  radio  tclsaetric 
system  in  the  ultra-high  frequency  region  is  feasible  for  blast  arrival 
tine  measurements  far  a  nuclear  explosion. 

Detailed  analysis  of  equipment  performance  actually  consisted  of 
bringing  together  tho  inoonclusiva  results  of  visual  monitoring  at  tbs 
receiving  station  during  the  test  and  surveying  conditions  on  tho  blast 
line  after  the  shot.  Thr  permanent  record  v» s  unsatisfactory  for  de¬ 
tailed  study  because  of  the  amount  of  noise  interference. 


7.1.1  Visual  Kanitorl 


The  most  important  visual  monitoring  result  was  the  im- 
ruxiiate  datemi ration  that  there  was  no  blocking  of  reception  due  to 
intense  radiation  even  though  the  receiving  antenna  was  directed  toward 
the  nuclear  burst.  Of  equal  valuo  to  subsoquont  study  was  the  determi¬ 
nation  of  the  nature  of  observed  interference  which  obscured  later 
analysis  of  the  permanent  record.  Strong  noise  signals  persisted  con¬ 
tinuously  ira-.  the  tin#  th«  receiving  station  was  turned  on,  approxi¬ 
mately  1  1/2  hours  before  the  shot,  until  operations  were  suspended 
about  10  minutes  after  the  shot.  Most  of  this  interference  was  seen 
to  synchronise  with  the  sine-wave  sweep  derived  fnaa  the  motor  genera¬ 
tor  set. 


Since  +-M*  noise  interference  had  not  occurred  on  prior 
checxs,  it  was  a  last  minute  handicap  which  could  not  be  cured  in  the 
Halted  time  raining  before  the  shot.  A  quick  check  indicated  that 
the  receiver  pulled  in  this  noise,  and  that  if  higher  powered  trans¬ 
mitters  had  been  available,  a  lower  gain  setting  on  the  receiver  would 
hare  eliminated  nost  or  all  such  spurious  pulses.  Hcmever,  in  this 
test,  such  an  expedient  would  also  have  eliminated  reception  of  data. 

The  last  Important  observation  was  the  fact  that  pulses 
were  transmitted  and  received  in  this  sysfcss*  under  shot  conditions. 
Again,  the  sine- were  sweep  helped  indicate  the  different  timing  of 
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these  pulses  from  tha  long  observed  noise,  but  hindered  determination 
of  tha  nun bar  of  such  data  pulses  dua  to  crowding  at  ona  and  of  tba 
non-linear  svaap. 

7.1.2  Recovery  Party  Obsanrationa 

Tha  recovery  party  entered  tha  blast  araa  at  tha  earliest 
possible  tine  after  the  shot  to  recover  equipawnt  and  obeerre  condition* 
In  short,  it  was  found  that  tho  foils  of  tha  switches  at  1200  and  1500 
ft.  had  bean  melted  by  boat,  although  shaded  fro*  direct  radiation, 
with  no  probability  of  cither  havin0  closed  to  produce  data  transmis¬ 
sion.  Tha  switch  at  2000  ft.  was  severely  punctured,  though  not 
ruptured,  indicating  definite  transmission.  The  switch  at  2500  ft.  was 
not  punctured  or  ruptured,  but  a  faint  nipple  indicated  a  probable 
closure.  Tha  switch  foils  at  3000  and  3500  ft.  remained  taut  with  no 
indication  of  any  contact  haring  been  nade.  This  lad  to  tha  conclusion 
that  only  two  data  pulses  had  been  observed  on  the  aonltarlng  scope. 
Although  the  foil  switch  design  had  been  tested  to  rupture  the  foils  st 
2  pal  In  a  shock  tuba,  uricnovn  field  conditions  and  weaknesses  in  tha 
switch  design  prevented  this  st  even  higher  snticipsted  overpressures. 

In  addition  to  switch  conditions,  it  was  notod  that  tha 
antenna  at  2100  ft.  was  blown  away,  and  the  nast  broken  Into  three 
sections  lying  on  tho  ground  away  fiw>  ground  aero.  No  danage  to 
either  transmitter  and  associated  parts  which  were  buried  at  the  foot 
of  each  nast  was  observed. 

7.1.3  Playtack  Results 

Playback  of  the  magnetic  tape  showed  a  disturbing  Mount 
of  noise  signals.  The  data  pulses  were  not  dourly  identifiable  in 
the  photographic  record. 
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3.1  cr;  clus:c:s 

This  toat  proved  the  feasibility  of  directional  CfF  radio  tele¬ 
metering  for  determining  blest  errirel  time  date  frc**  nuclear  detona¬ 
tions.  Tills  was  supported  by  the  obearretion  that  transmitted  blast 
switch  pulses  sere  received  without  being  neaped  by  radlatioi  ircm  the 
burst.  However,  tho  modified  beacon  system  as  used  in  this  test  was 
found  inadequate  in  the  reported  shot  because  of  Inherent  pemar  limita¬ 
tions  awi  switch  failure.  Disruptive  noise  sisals  which  obacured 
idontif  ication  cf  the  blast  arrival  tine  data  on  the  permanent  record 
was  dearly  determined  to  originate  in  local  power  sources  and  was 
definitely  not  aaalclated  with  the  detonation  of  the  nudear  weapon. 

5.2  RrCCTHilUTIgS 

Equally  as  important  as  the  positive  results  of  this  test  are  the 
lessons  learned  free  the  negative  results.  From  these,  definite  recom¬ 
mendations  toward  the  deeiga  of  suitable  equipment  for  regular  use  in 
future  teste  can  be  made. 

The  basic  principle*  of  the  foil  switch  are  still  Important.  That 
is,  the  switch  is  to  be  normally  opes,  dose  momentarily  on  blast  ware 
arrival,  then  open  permanently.  However,  foil  must  be  replaced  by  a 
substanco  which  will  not  aelt  or  break  prematurely  dose  to  a  bomb 
burst,  yet  which  will  function  reliably  under  low  blast  pressures .  To 
this  end  further  development  is  a  prerequisite. 

The  transmitters  to  be  designed  can  follow  the  basic  outline  of 
the  -codified  beacon  units,  but  srust  incorporate  a  higher  peak  power 
output  and  broader  pulse  length.  The  pulse  should  be  at  least  50  watts 
peak  power  with  a  width  of  Approximately  25  microseconds.  Certain 
additional  features,  such  as  different  pulse  lengths  for  transmitter 
identification,  an  internal  test  modulator,  and  a  self -initiation  timer 
can  be  incorporated.  In  addition,  (Teat  care  must  be  exercised  to  in¬ 
sure  that  the  frequency  can  be  adjusted  accurately  and  will  maintain 
high  stability. 


The  antenna  system  used  in  this  test  proved  to  be  quite  satisfac¬ 
tory.  Similar  units  can  be  built  fop  the  proposed  transmitters,  reew» 
baring  that  tfcoy  must  be  designed  to  function  efficiently  with  the 
specific  equipment. 


It  is  anticipated  that  a  more  conpact,  narrower  band  receiver  can 
bo  built  to  operate  with  specific  transmission  equipnmt  with  a  con¬ 
siderable  reduction  in  noiso  interference  and  additional  pro ceasing 
circuits . 

It  is  further  rocorrondod  that  power  for  the  receiving  station  be 
supplied  from  a  remotely  located  generator  source  in  order  to  further 
reduce  radiated  noise  interference  i'ron  the  generator  itself. 
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AHKT  ACTTVmXS 

Asst.  Chief  of  Staff,  G-2,  D/A,  Washington  25,  D.  C. 

Asst.  Chlaf  of  Staff,  G-3,  D/A,  Washington  25,  D.  C. 

ATTH:  Dap.  Asst.  CofS,  G-3,  (HRASW) 

Asst.  Chlaf  of  Staff,  G-4,  D/A,  Washington  25,  D.  C. 

Chlaf  of  Ordnance,  D/a,  Washington  25,  D.  C. 

ATW:  ORDTX-AR 

Chlaf  Signal  Offlcar,  D/A,  PbO  Division,  Washington  25, 

D.  C.  ATTH:  SIGOP 

Tha  Surgeon  Gaaoral,  D/A,  Washington  25.,  D.  C. 

ATTH:  Chairman,  Medical  RAD  Board 
Chlaf  Chemical  Offlcar,  D/A,  Washington  25,  D.  C. 

Chlaf  of  Xnglnaars,  D/a,  Military  Construction  Division, 
Protact Its  Construction  Branch,  Washington  25,  D.  C. 
ATTH •  SMGSB 

Chlaf  of  Xnglnaars,  D/a,  Civil  Works  Division,  Washington 
25,  D.  C.  ATTH :  Xnglnaarlng  Division,  Structural 
Branch 

Tha  Quartermaster  Ganaral,  CBR,  Llalsoo  Offlca,  Rasaarch 
and  Development  Division,  D/A,  Washington  25,  D.  C. 
Offlca,  Chief  of  Transportation,  D/A,  Washington  25,  D.  C 
ATTH:  Military  Planning  and  Intelligence 
Chief,  Aray  Field  Forces,  Ft.  Monroe,  7a. 

A ray  Field  Farces  Board  Ft.  Bragg,  H.  C. 

Aray  Field  Forces  Board  #2,  Ft.  Knox,  Ky. 

Aray  Field  Farces  Board  #4,  Ft.  Bliss,  Tax. 

Commanding  General,  First  Aray,  Governor's  Island,  Hev 
Tork  4,  H.  T.  ATTH:  G-4,  ACofS 
Coaaandlng  Ganaral,  Second  Aray,  Ft.  George  G.  Meade,  Md. 
ATTH:  AIABB 

Ctmand Log  General,  Second  Aray,  Ft.  George  G.  Meade,  Md. 
ATTH:  AIAMX 

Commanding  Genaral,  Second  Aray,  Ft.  George  G.  Meade,  Md. 
ATTH:  AIACM 

Coaaandlng  General,  Third  Aray,  Ft.  McPherson,  Ga. 

ATTH:  ACofS,  G-3 

Ccxsaandlng  General,  Fourth  Aray,  Ft.  Saa  Houston,  Tex. 
ATTH:  G-3  Section 

Co— ardlng  General,  Fifth  Aray,  1660  Hyde  Park  Bird. , 
Chicago  15,  Ill.  ATTH:  A1FXH 
Covend  leg  General,  Fifth  Aray,  1660  Hyde  Park  Blvd., 
Chicago  15.  IU.  ATW:  A1FGR 
Coaaandlng  General,  Fifth  Aray,  1660  Hyde  Park  Blvd., 
Chicago  15,  IU.  ATTH:  ALFKD-0 
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ncT^r^JTTr*  (continued) 


pramimHiij]  General,  Sixth  A  ray,  Presidio  of  San  Francisco, 

Calif.  A?H:  AMGCT-4  37 

Ccr  .aader-ln-Chlof,  European  Cccx&a-id,  APO  **03,  c/o  FX, 

Haw  fork,  N.  T.  3o 

Ccm/inder- in -Chief ,  U.  S.  Aray  Euro  pa ,  APO  **03,  c/o  FX, 

’lav  Turk,  H.  T.  ATTH:  0P0T  Division,  Con.  Dev .  Branch  39"  **0 
Ccxanander-in-Chlaf ,  Fsr  Laat  Cotaaani,  APO  500,  c/o  FX, 

San  Francisco,  Calif.  ATTH:  ACofS,  0-3  4l-  *5 

Cccscandicg  Gar.  oral,  U.  S.  A  ray  Alaska,  APO  9^i  c/o  IX, 

Seattlo,  Wash.  46 

Ccaaanding  General,  0.  S.  Aray  Caribbean,  APO  S31*,  c/o 

PM,  II  ev  Orleans,  La.  ATTR:  CO,  USARCARIB  ^-7 

Caesaandlng  General,  U.  3.  Aray  Caribbean,  APO  &}k,  c/o 

PH,  Kew  Orleans,  La.  ATTH:  CG,  USARTAHT  **8 

Cocananding  General,  U.  3.  Aray  Caribbean,  APO  83**,  c/o 

FX,  Hev  Orleans,  La.  ATTH:  Cal.  Off.,  USARCARIB  *»9 

C  emend  log  General,  U.  3.  Aray  Caribbean,  APO  fi3*»,  c/o 

PM,  !Tev  Orleans,  La.  ATTH :  Surgeon,  USARCARIB  50 

Ccmandlng  General,  USAR  Pacific,  APO  958,  c/o  FX,  San 

Francisco,  Calif.  ATTN:  Cal.  Off.  51"  52 

*  ■  i  ■  i 1  •  j  >r.er'i . ,  Trio-tt<*  l  .  G.  .roo,;',  *F0  .-0*,  C/o  FX. 

Sew  Tor*.  N.  T.  ATTN:  ACsf',  '.-j  53 

Cccaondant,  Coamand  and  General  3taff  College,  Ft.  Leaven¬ 
worth,  Kan.  ATTH:  ALUS  (AS)  5**-  55 

Comandant,  The  Infantry  School,  Ft.  Banning,  Ga. 

ATTH :  C.D.3.  56-  57 

CoBjaandant,  The  Artillery  School,  Ft.  Sill,  Okie.  58 

Coesaandnnt,  The  AAAGM  Branch,  The  Artillery  School, 

Ft.  Blloe,  Tex.  5° 

Cceaandant,  The  Armored  School,  Ft.  Knox,  Ky.  A I“iX :  Clae- 

elfled  Doc'.usent  Section,  Evaluation  and  Ree.  Division  60-  6l 
Ccnasandlng  General,  Medical  Field  Service  School,  Brooks 

Aray  Medical  Center,  Ft.  Saa  Houston,  Tex.  62 

CoBsaandant,  Artsy  Medical  Service  School,  Walter  Seed  Aray 
Medical  Center,  Washington  25,  D.  C.  ATTH:  Dept,  of 
Biophyolcs  63 

The  Superintendent,  United  States  Military  Acadeay,  West 

Folnt,  H.  T.  AITS:  Professor  of  Ordnance  6k-  6 ‘j 

Commanding  General,  Tha  Transportation  Corps  Center  end  Ft. 

Sustie,  rt.  Sustls,  7a.  ATTH:  Asst.  Cemandant, 

Military  Sciences  and  Tactics  66 

C  amend  ant,  Chemical  Corps  School,  CL  scale  al  Corps  Training 

Command,  Ft.  McClellan,  Ala.  67 

Ccssaanding  General,  Research  and  Engineering  Cossaand,  Aray 

Chemical  Center,  Md .  AIT?:  Special  Projects  Officer  6A 

HD  Control  Officer,  Aberdeen  Proving  Ground,  Md. 

ATTH:  Director,  Ballistics  Research  Laboratory  69-  70 
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DISTRIBOTIOH  (Continued) 

-  —in  11  ru  General,  The  Engineer  Center,  ft.  Belrolr,  V*. 

ATTR:  A**t.  Ccaaaxnd&nt,  The  Engineer  School 
Cblaf  of  Reeearcb  and  Development,  D/A,  WaaMngton  25/  0*  C. 
p i ■■ami Inn  Officer,  Engineer  Reaearch  and  Development 
Laboratory,  ft.  Belvoir,  Va.  ATT*:  Cblaf,  Technical 
Intelllgenca  Branch 

Pi— m  nil  Ini  Offlcar,  Plcatlnny  Araanal,  Dover,  *.  J. 

Arm:  arcara-Ti 

Pi  ■■ami  1m  Offlcar,  Aray  Mad  leal  Reeearcb  Laborat«-y, 
ft.  Shea,  Ky . 

~  —an  1 T  i n  Offlcar,  Chemical  Corpa  Chealcel  and  Radio¬ 
logical  Laboratory,  Aray  Chemical  Can tar,  Md. 

Arm*.  Technical  Library 

Coh and lng  Offlcar,  Tranapertat leu  RAD  Station,  ft. 

Euetla,  7a. 

Pi—am11  ill  Offlcar,  Psychological  Warfare  Cantar,  ft. 

Braes,  I.  C.  ATI*:  Library 
Aaat.  Cblaf,  NIUtary  Plana  Division,  R»  516,  Bldg.  7, 

Aray  Map  Services,  6500  Brooks  Lana,  Washington  25, 

D.  C.  Arm:  Oparatlaia  Plana  Branch 
Director ,  Tacbnlcal  Document*  Cantar,  Inna  Signal  Labora¬ 
tory,  Balaar,  *.  J. 

Dirac tar,  Waterways  Experiment  Station,  P0  Bo*  631,  Tlcka- 
burg,  Mine.  Arm:  Library 

Director,  Oparatlana  Raaaarcb  Office,  J  aim*  Bop kina  Uni¬ 
versity,  6410  Connecticut  Are.,  Chevy  Cbaaa,  Md. 

ATI*:  Library 
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76-  79 
80 
81 

82 
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84 

85 


*avt  activities 


Cblaf  of  *aval  Operatic®*,  D/*,  Washington  25,  D.  P. 
AIT*:  OP- J6 

Cblaf  of  »a*al  Operation*,  D/*,  Washington  25,  D.  C. 

Arm:  op-51 

Cblaf  of  level  Operation*,  D/t,  Washington  25,  D.  C. 
AIT*:  OP-53 

Cblaf  of  laval  Operatic®*,  Tift,  Washington  25,  D.  C. 
ATT*:  OP-374  (OK) 

Cblaf,  Bureau  of  Medicine  and  Surgery,  D/W,  Weablngtc® 
25,  D.  C.  ATT*i  Special  Weapon*  Dafanaa  Division 
Cblaf,  Bureau  of  Ordnance,  D/*,  Washington  25,  D.  C. 
Cblaf,  Bureau  of  Peroonnel,  D/*,  Washington  25,  D.  C. 
ATT*:  Per*  15 

Cblaf,  Bureau  of  Paraonnel,  D^l,  Vaablngtc®  25,  D.  C. 
ATT*:  Per*  C 

Chief,  Bure*v>  f  Ship*,  D^l,  Washington  25,  D.  C. 

ATT*:  Cor  >48 
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91-  98 

93 
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96 
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PTTTRrH’TTOH  (Continued) 


Chief,  Bureau  of  Supplies  and  Accounts,  D/H,  Washington 
25,  D.  C. 

Chief,  Bureau  c f  Tarda  and  Docks,  D/H,  Washington  2), 

D.  C.  ATTH:  P-312 

Chiaf,  Bureau  of  Aeronautics,  D/H,  Washington  25,  D.  2. 

Office  of  Saval  Reaearch,  Coda  219,  l307 ,  Bldg.  T-3, 

Washington  .'V,  3-  2.  ATTN:  RD  Control  Officer 

CoJzaander-in-Chlef,  U.  S.  Atlantic  fleet,  fleet  Poet 
Office,  Hav  fork,  H.  T. 

Cossaander-ln-Chief ,  U.  3.  Pacific  fleet,  fleet  Poet  Office, 

ok",  frai'.ciaco,  Calif. 

Cocsaander,  Operation  Development  force,  U.  3.  Atlantic 
fleet,  U.  3.  Havsl  Base,  Horfolh  11,  7a.  ATTJ:  Tac¬ 
tical  Development  9roup 

Commander,  Operation  Development  force,  U.  3.  Atlantic 
fleet,  U.  S.  Havnl  Base,  Bar folk  U,  7a.  ATTH:  Air 
Department 

Ccwarrlant,  U.  S.  Marine  Carps,  Seedquartere,  USMC, 
Washington  25,  D.  C.  ATTH :  (AO 33) 

President,  0.  3.  Havel  War  Collage,  He sport,  Rhode  Island 

Superintendent,  U.  3.  Haval  Postgraduate  School,  Monterey, 
Calif. 

C aotaor.d lng  Officer,  U.  3.  Havel  3choole  Command,  Haval  Sta¬ 
tion,  Treasure  Island,  Son  franclsco,  Calif. 

Director,  t'3)C  Development  Center,  U3HC  Schools,  Quan- 
tico,  7a.  ATTH:  Marine  Carps  Tactics  Board 

Director,  U3JC  Development  Center,  U3JC  Schools,  fluan- 
tlco,  7s.  ATTH:  Marine  Carps  Squipment  Board 

Comaonding  Offlcar,  fleet  Training  Center,  Havel  Base, 
Horfolk  11,  7a.  ATTH:  Special  Weapons  School 

Commadlng  Officer,  fleet  Training  Center,  (SfVP  School), 
Havel  Station,  San  Diego  36,  Calif. 

Cisman lar.  Air  farce,  U.  3.  Pacific  fleet,  Havel  Air  Sta¬ 
tion,  Sen  Dlago,  Calif. 

Commander,  Training  Commend,  U.  3.  Pacific  fleet,  c/o  fleet 
Sonar  School,  San  Diego  17,  Calif. 

Commanding  Officer,  Air  Development  Squadron  5,  OSH  Air 
Station,  Moffett  field,  Calif. 

Conaonding  Officer,  Havel  Damage  Control  Training  Center, 

U.  3.  Havel  Base,  Philadelphia  12,  Pa.  ATTH:  ABC 
Defense  Coarse 

Commanding  Officer,  Havel  Unit,  Chemical  Corps  School, 
ft.  McClellan,  Ala. 

Joint  Landing  fore#  Board,  Marine  Barracks,  Caap  Lajeune, 

H.  C. 
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risTRiHirnoa  (continued) 


r  i — ii  It,  u.  S.  laval  Ordnance  Laboratory,  Silver  Sprint 

19.  Md.  Arm:  XX  126 

~r— mlir.  U.  3.  level  Ordnanca  Laboratory,  Sllvar  3 print 

19,  Md.  ATTS:  Alima  129 

Cf  mlT,  0.  3.  laval  Ordnanca  Laboratory,  Silver  Sprint 

19,  Hd-  Arm:  Alla*  130 

Co— ander,  U.  3.  laval  Ordnanca  Taat  Station,  Xhyokarn, 

China  Laka,  Calif.  131 

Offlcar-lc-Charge,  u.  3.  laval  Civil  tngineerint  Reaearch 
and  evaluation  Laboratory,  C—atructlon  Battalion 
Cantar,  Port  Buanana,  Calif.  ATT!!:  Coda  733  132-133 

Connandlnt  Off  i  car,  USB  Mad  leal  Baaaarch  Xhatltute,  latlan- 

al  laval  Mad  leal  Cantar,  Bathaada  lb,  Md.  13b 

Director,  U.  3.  laval  Baaaarch  Lbbaratary,  Vaahlntton  23# 

D.  C.  133 


Co— andlnt  Off  tear  and  Director,  USB  Blactronlcs  Laboratory, 

San  Dlato  32,  Calif.  ACT:  Coda  210 
Pi— ruling  Off  1  car,  USB  Radiological  Dai'enae  Laboratory, 

San  Xranclaco,  Calif.  ATm:  Technical  Information 
Dlvlalan 

Pi— amllng  Off  1  car  and  Dlractor,  David  V.  Taylor  Modal 
Baa  in,  Vaahlntton  7,  D.  C.  ATm :  Library 
Pi  — nl ar,  laval  Air  Development  Cantar,  Johna villa,  Pa. 

Caaaandlnt  Off 1 ear,  Office  of  laval  Reaearch  Branch  Of¬ 
fice,  1000  Geary  St.,  3an  Prcnclsco,  Calif. 

Am  rate :  activities 

Special  Aaat .  to  Chief  of  Staff,  Headquarters ,  UBAX, 

Ra  3X1019,  Pentagon,  Vaahlntton  23,  D.  C. 

Aaat.  far  Atonic  Energy,  Headquarter*,  03AX,  Vaahlntton 
23,  D.  C.  ATTI:  DC3/0 

Aaat.  for  Develop— nt  Planning,  Headquarters,  UBAX,  Vaah- 
lngtan  23,  D.  C. 

Dlractor  of  Operations,  Haadquartara,  DSAX,  Vaahlntton  23, 

D.  C. 

Dlractor  of  Plana,  Haadquartara,  UBAX#  Vaahlntton  23# 

D.  C.  ATTI:  Var  Plana  Dlvlalon 
Dlrectorata  of  Raqulra— nt*,  Haadquartara,  U8AX,  Vaahlntton 

23,  D.  C.  ATm:  AXWH-BA/*  15° 

Dlrectorata  of  Reeeerch  and  Develop— nt.  Area— nt  Dlvlalan, 

DCS/D,  Haadquartara,  U3AX,  Vaahlntton  23,  D.  C.  131 

Dlrectorata  of  InteUlganca,  Haadquartara,  UBAX,  Vaahlnt¬ 
ton  25,  D.  C.  152-133 

The  Surgeon  General ,  Haadquartara,  0SAX,  Vaahlntton  23# 

D.  C.  15^155 
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DTmTBirriCH  (Continue) 


Cosmaadlng  General,  U.  3.  Air  Porcaa  Surope,  APO  633#  c/o 

PH,  Hew  fork,  H.  T.  156 

C  remap. 11r.g  General,  Far  Eaat  Air  Forces,  APO  925,  c/o  PM, 

Sea  Pranclaco,  Calif.  157 

C  remanding  General,  Alaskan  Air  C oanmnd ,  APO  942,  C/o  PM, 

Seattle,  Vaah.  A7TH:  AACTH  158-159 

CcnaandLcg  General,  Horiheaat  Air  Comand,  APO  362,  c/o 

PM,  Haw  Tork,  N.  T.  160 

CcsRaanding  General,  Strategic  Air  Ccmaaad,  Offutt  ATB, 

Coaha,  Hab.  ATTH:  Chief,  Operations  Analysis  l6l 

Cccmacding  Gaoaral,  Tactical  Air  C remand,  Langley  A/3 ,  Ta. 

A7T.1:  Documents  Security  Branca  162-164 

Cocstanding  Gaoaral,  Air  Dai’onaa  C omand,  5nt  AT3 ,  Colo.  165-133 

Commanding  General,  Air  Hater*  '1  Ccanand,  Wrlght-Patteraan 

APB,  Daytcn,  Ohio  167-169 

Cn—iirnllng  Gaoaral,  Air  Training  C remand,  Scott  ATB, 

Belleville,  IU.  170-171 

Cammndlng  Gaoaral,  Air  Research  and  Development  C  .— ami, 

PO  Box  1395,  Baltimore  3.  M.  ATTS:  RDOI  172-174 

Command  Lag  Gaoaral,  Air  Proving  Ground  Ccamand,  Kglin  ATB, 

Fla.,  ATTH:  AG/rnB  175 

Ccmaw ruling  Ganaral,  Air  University,  Maxwell  APB,  Ala.  176-180 

Ccesaaodant,  Air  Cosamnd  and  Staff  School,  Maxwell  APB,  Ala.  101-102 
Ccsxaandact,  Air  Porca  School  of  Aviation  Medicine,  Randolph 

ATB,  Tax.  183-104 

C remanding  Ganaral,  Wright  Air  Davalopoant  Center,  Wrlght- 

Patteraon  ATB,  Deytrei,  Ohio.  ATTN :  WCC353P  105-190 

C  remanding  Gaoaral,  Air  Force  Cmbrldge  Research  Canter, 

230  Albany  3t.,  Caab ridge  39,  Maas.  ATTH:  Atcmlc 
Warfare  Directorate  191 

C remanding  Ganaral,  Air  Porca  Cambridge  Research  Center, 

230  Albany  St.,  Caabrldge  39,  Mass.  ATTR:  CRTSL-2  192 

r  imu  i  1 1 rfl  Ganaral,  AT  Special  Weeprem  Canter,  Hr  t  Land  APB, 

S.  Max.  Am:  Chief,  Technical  Library  Branch  193-195 

C reamadrint ,  U3A7  Institute  of  Technology,  Wrlght-Patteraan 

ATB,  Dayton,  Ohio.  ATTM:  Resident  Collage  196 

Cammndlng  General,  Lowry  APE,  Denver,  Colo.  ATTR :  Dept. 

of  Armmant  Training  197-198 

Creamndlng  General,  1009th  Special  Veapreia  Squadron, 

1712  G  3t. ,  RW,  Washington  25,  D.  C.  199-201 

IBs  HARD  Corporation,  15C0-«*th  St . ,  Santa  Monica,  Calif. 

A7T3:  Ruclear  Smrgy  Dlvlalcn  202-203 

errssa  dept.  cr  garrea  activitiss 

Sxecutlve  Secretary,  Joint  Chiefs  of  Staff,  Washington 
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